,4Mruct -Planar doped barrier (PDB) diodes have been successhslly used in a subharrnonicafly pumped coplarrar-stripline mixer circuit. A comparison is made in the conversion loss of the symmetric and asymmetric PDB diodes. A dramatic deerease in conversion loss is obtained when the PDB diode Z-V curve is perfectly symmetric. A minimum conversion loss in the order of 5.0 dB is obtained at a signaf frequency of 2,0 GHz.
We have developed a novel subharmonic mixer circuit and compared the conversion-loss properties for PDB diodes with both symmetric and asymmetric 1-V characteristics. By evaluating both types of PDB structures, the experimental data dramatically demonstrates the merits of matching 1-V characteristics. In this work,' we demonstrate how a slightly asymmetrical 1-V characteristic can lead to degraded performance of the mixer by increasing the conversion loss. Pairs of Schottky-barrier diodes normally exhibit asymmetry. In addition, the ability to design the barrier height and capacitance in the PDB diode makes them ideally suited for use in millimeter-wave subharmonic mixers.
II. PDB DIODE THEORY
The PDB concept has been described in previous publications [2] , [3] . The PDB is a majority carrier device structure with an n '-i-p '- 
The saturation current 1$ is related to the zero-bias barrier height by
In (3) and (4), k is Boltzmann's constant, T the absolute temperature, and A* the effective Richardson constant.
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The n-factor in (3) is determined by the geometry of the diode which effectively divides the applied voltage across the barrier region. Ideally, n = 2 for a truly symmetric PDB diode. The n-factor should not be confused with the socalled ideality factor which is an empirical parameter used to describe the effects of image force lowering and interface traps in Schottky barriers.
Schneider [4] In this investigation, the minimum conversion loss obtained was in the order of 5 dB.
III. DIODE FABRICATION AND DC CHARACTERISTICS
GaAs PDB structures were grown by MBE in a Varian-360 system. Silicon and beryllium were used as n-type and p-type dopants, respectively, at levels of approximately 1018 cm-3, The undoped regions were low 1014 cm-3 p-type, thus contributing negligible charge to the potential. Typical growth parameters were as follows: growth rate r = 200 A/tin; substrate temperature T, = 580"C; and flux ratio Asq/Ga = 2. Mesa diodes were formed by chemical etching and alloying of evaporated Au/Ge contacts to result in the structure shown in Fig. 1 are used in determining the diode n-factor and barrier height, respectively. experimental error, there was no measurable cliff erence between the forward and reverse I-V characteristics. A logarithmic plot for the current dependence upon applied voltage for the symmetric PDB diode is shown in Fig. 3 . The equations for determining the n-factor and zero-bias barrier height OBOare found by taking the natural log of (3) and (4) 3, there is seen to be excellent agreement between the theoretical and experimental calculations of these parame-
ters. These results demonstrate that MBE provides the requisite control necessary to form PDB device structures. 
IV. SUBHARMONIC MIXER RESULTS
The symmetric PDB diodes were evaluated in a subharmonic mixer using a coplanar waveguide fixture fabricated on a l-in x 1-in x0.015-in Al~03 substrate. The ground planes and center conductor were formed by photolithography and AU evaporation. The diode wafer was sliced into 0,080-in-square chips and one diode on a chip was wire-bonded to the coplanar waveguide. A photograph of the resultant test fixture for the subharmonic mixer is seen in Fig, 5 .
A series resistance of R, = 7 Q and capacitance of C = 1.8 pF was measured for the symmetric PDB diode. This corresponds to a cutoff frequency of~C= 12.6 GHz which, therefore, restricted RF measurements to a few gigahertz.
Using separate signal generators as the local oscillator and signal source, the conversion loss was measured as a function of the symmetry of the 1-V characteristic. This data shows the rather large decrease in conversion loss when the PDB diode has a perfectly symmetric 1-V characteristic. It should be noted that this mixer action was achieved at a pump power in the order of 9 dBm for the LO, which is somewhat lower than the required pump power for GaAs Schottky-barrier diode mixers. This demonstrates that a substantial reduction in the LO power can be achieved with the designable barrier height in the PDB diode. The symmetric PDB diode had a barrier height of 0.5 V, so that further decrease in the barrier height should lead to an even lower required pump power for the mixer. Pumping of the PDB mixer has also been achieved at submultiple of less than one half the signal frequency without significant degradation of the conversion loss. This possibility is attractive for use in the very high millimeter-wave frequency range.
These preliminary results clearly demonstrate the potential use of the PDB diode in subharmonic and conventional mixer circuits. Work is presently under way in the development of PDB diodes for microwave and millimeter-wave mixers.
V.
CONCLUSION
A novel subharmonic mixer has been demonstrated which uses PDB diodes with both symmetric and asymmetric 1-V characteristics.
The data shows a dramatic decrease in These results are presently being applied in the design of very high frequency millimeter-wave subharmonic mixers.
